Ultrashort-pulse propagation in asymmetric twin-core fiber amplifiers is studied with the aid of selfsimilarity analysis of the nonlinear Schrödinger-type equation interacting with a source, variable dispersion, variable Kerr nonlinearity, variable gain or loss, and nonlinear gain. Exact chirped pulses that can propagate self-similarly subject to simple scaling rules of this model have been found. It is reported that the pulse position of these chirped pulses can be precisely piloted by appropriately tailoring the dispersion profile. This fact is profitably exploited to achieve optimal pulse compression of these chirped self-similar solutions.
I. INTRODUCTION
The study of self-similar solutions of the relevant nonlinear differential equations has become a topic of growing interest, because of their ubiquity in the description of complicated phenomena, including the scaling properties of turbulent flow ͓1͔, the formation of fractals in nonlinear system ͓2͔, and the wave collapse in hydrodynamics ͓3͔. The concept of self-similarity arises after the influences of initial conditions have faded away, but the system is still far from the ultimate state. In the context of nonlinear optics, only a limited number of self-similar phenomena have been reported. To name a few, the self-similar behaviors in stimulated Raman scattering ͓4͔, the evolution of self-written wave guides ͓5͔, the formation of Cantor set fractals in materials that support spatial solitons ͓6͔, and the nonlinear propagation of pulses in optical fibers ͓7͔ were investigated. Recently, this concept has been extended to an optical fiber amplifier ͓8͔ and a laser resonator ͓9͔. In both cases, parabolic pulses were shown to propagate self-similarly and the predicted evolution was verified experimentally. As reported, these self-similar pulses or solitary waves possess a strictly linear chirp that leads to efficient compression or amplification and thus are particularly useful in the design of optical fiber amplifiers, optical pulse compressors, and soliton-based communication links.
Today, optical solitons are regarded as the natural data bits and an important alternative for the next generation of ultrahigh-speed optical communication systems ͓10,11͔. In the case of exact soliton pulse propagation, the pulse evolution is governed by the nonlinear Schrödinger equation ͑NLSE͒. In addition, much effort has also been devoted to optical pulse compression techniques because of their practical utility, for shortening the durations of pulses generated by oscillators and amplifiers. Most of these techniques rely on chirping obtained either by self-phase-modulation in the normal dispersion regime or by combining phase modulation with amplification ͓12,13͔. Soliton effects can also be utilized for compression where the problem of residual pedestals can be reduced through appropriate intensity of nonlinearity. Based on the nonlinear effects in optical fibers, we can classify the pulse compressors into two broad categories, referred to as fiber-grating compressors ͓14͔ and the usual soliton-effect compressors ͓15͔. In a fiber-grating compressor, nonlinear pulse compression is achieved through the self-phase-modulation associated with the Kerr effect, when combined with external dispersive elements such as diffraction grating. The resulting compression is intensity dependent and due to a combination of the artificial negative dispersion associated with the grating and the phase shift associated with the Kerr nonlinearity, whereas the usual soliton-effect compressor makes use of higher-order solitons supported by fiber as a result of the interplay between selfphase-modulation and anomalous group-velocity dispersion. It is interesting to note that these two types of compressors are complimentary to each other and generally operate at different regions of the pulse spectrum. Thus, the fibergrating compressor is useful to compress pulses in the visible and near-infrared regimes while the soliton-effect compressor is useful in the range 1.3-1.6 m. However, the latter procedure has the drawback of wastage of energy ͓16͔. Of all these techniques, adiabatic soliton compression, through the decrease of dispersion along the length of the fiber, provides a better pulse quality ͓17͔, albeit in a less rapid manner. Exact solutions have played a crucial role in demonstrating the above-mentioned pulse compression techniques in an amplifying medium. The fact that the NLSE or modifications of the same is known to possess soliton solutions has come in handy to find exact solutions of the above modified equation. All the aforementioned methods for pulse compression were restricted to pulse propagation through single-core fibers. Although it is more easy to fabricate twin-core fibers with some built-in asymmetry, the nonlinear pulse compression in these types of couplers has not received much attention in the literature. The existence of the solitary-wave solutions in twin-core fibers ͑TCF's͒ has been reported in Refs. ͓18,19͔. Soliton solutions, when the nonlinearity for one 
